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Abstract: With the continual progress of sequencing techniques, genome-scale data are 10 
increasingly used in phylogenetic studies. With more data from throughout the genome, the 11 
relationship between genes and different kinds of characters is receiving more attention. Here, 12 
we present version 4 of RASP, a software to reconstruct ancestral states through phylogenetic 13 
trees. RASP can apply generalized statistical ancestral reconstruction methods to phylogenies, 14 
explore the phylogenetic signal of characters to particular trees, calculate distances between 15 
trees, and cluster trees into groups. RASP 4 has an improved graphic user interface and is 16 
freely available from http://mnh.scu.edu.cn/soft/blog/RASP (program) and 17 
https://github.com/sculab/RASP (source code). 18 
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 20 
RASP (Reconstruct Ancestral State in Phylogenies) is a software to reconstruct ancestral states 21 
through phylogenetic trees. To date, the program has been used to infer biogeographic history 22 
in numerous groups of animals, plants, fungi and bacteria (Blair, et al. 2015; Yu, et al. 2015; 23 
Stucki, et al. 2016; Bourguignon, et al. 2018; Navaud, et al. 2018; Yan, et al. 2018). With the 24 
continual progress of sequencing techniques, the data from genomes, transcriptomes and 25 
proteomes have been increasingly used in phylogenetic studies (Choi and Kim 2017). 26 
Additionally, morphology, ecology, and distribution data are increasingly integrated into 27 
research (Soltis and Soltis 2016). This motivated us to add more functionality into RASP to 28 
implement additional algorithms and tools. 29 
 The new version of RASP can analyze phylogenomic data (and other types of data), make 30 
inference on our generalized statistical method for ancestral state reconstruction (Fig 1-A and B) 31 
and summarize results under a graphical user interface (Fig 1-C). Users are also allowed to 32 
quantify phylogenetic signal of different morphological or ecological characters to particular 33 
trees (Fig 1-D), measure the fit between a tree and geography, and compute a distance matrix 34 
to cluster trees (Fig 1-E). 35 
Methods to reconstruct ancestral geographical distributions using a combination of 36 
phylogenetic and distributional information are increasing rapidly. In RASP 4, we implement a 37 
generalized statistical method for models implemented in the R package ‘BioGeoBEARS’ 38 
(Matzke 2014) and ‘APE’ (Paradis and Schliep 2018); namely our method summarizes 39 
ancestral reconstructions across all input trees. The probability (p) of an ancestral range x at 40 
node n on the final species tree is calculated as 𝑝(𝑥𝑛) =
∑ [𝑤(𝑥𝑛)𝑡]𝑡∈𝑇
𝑔𝑛
⁄  where T is the set 41 
of trees, w(xn)t is the weight of ancestral range x at node n for tree t, and gn is the number of 42 
times node n occurs in T (see supplementary material for details). To reduce computational 43 
burden, RASP applies parallel computing to all models both by taking advantage of multiple 44 
threads and splitting trees into small groups. See Table S1 for a full comparison of the methods 45 
of ancestral reconstruction implemented in RASP. 46 
Phylogenetic signal is the tendency of related species to resemble each other in a specific 47 
character more than species drawn at random from the same tree (Münkemüller, et al. 2012). 48 
To test for phylogenetic signal for continuous states, RASP calculates Moran's I (Moran 1948, 49 
1950), Abouheif's Cmean (Abouheif 1999), Pagel's λ (Pagel 1999) and Blomberg's K (Blomberg, 50 
et al. 2003) using the R package 'adephylo’ (Jombart, et al. 2010). For discrete states, RASP fits 51 
models of trait evolution using a likelihood ratio test and calculates Pagel's λ using the R 52 
package ‘geiger’ (Pennell, et al. 2014) (Fig 1-C). If some species have more than one state, 53 
RASP will convert them to all possible combinations of single states and calculate Pagel's λ for 54 
each of them. The largest Pagel's λ is used in the final result. 55 
 Tree distances are often used as a formal way to quantify the differences of trees inferred 56 
from different genes and reconstruction methods (Sand, et al. 2014). In RASP, users can 57 
compute trees distances using different methods: KC distance (Kendall and Colijn 2016), triplet 58 
distance implemented in mp-est (Liu, et al. 2010), RF distance (Robinson and Foulds 1981), 59 
KF distance (Kuhner and Felsenstein 1994), path differences (Steel and Penny 1993), and SPR 60 
distance (de Oliveira Martins, et al. 2008; De Oliveira Martins, et al. 2014) implemented in the 61 
R package 'phangorn' (Schliep 2010) (Table S2). Having the distance matrix, values can be 62 
normalized using min-max normalization (Han, et al. 2006). Next, trees are clustered into 63 
groups using the R package ‘adegenet’ (Jombart 2008) according to the distance matrix. The 64 
end result may provide insight into the sources of heterogeneity among gene/species histories. 65 
For example, distinct clusters of genes may indicate unique phylogenetic signatures (Kendall 66 
and Colijn 2016). Additionally, the tree distance matrix and groups could be used to provide a 67 
candidate species tree under the coalescent model (Liu, et al. 2010). 68 
In summary, the new version of RASP 4 implements several tools for multiple gene and 69 
species trees and characters while simultaneously making it easier to process trees generated 70 
from different sources. We provide six tutorials to help users select appropriate methods for 71 
different research questions on the our website (http://mnh.scu.edu.cn/soft/blog/RASP). We 72 
will continue to develop RASP with a focus on implementing new algorithms and integrating 73 
more tools. RASP for Windows and macOS are available freely from 74 
http://mnh.scu.edu.cn/soft/blog/RASP (program) and https://github.com/sculab/RASP (source 75 
code), and licensed under the terms of the MIT license. 76 
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 84 
Fig. 1. Screenshots from RASP 4. The sample data and tutorials can be found on the RASP website. 85 
A) The main screen of RASP. The expanded menu shows the ancestral state reconstruction methods 86 
implemented in RASP. B) The tree view interface of RASP. The graphic shows the results of using 87 
the DIVAlike model in BioGeoBears. The expanded menu shows the operations that can be 88 
performed on the results. C) The Trees and States tool. The list shows the results of phylogenetic 89 
signal for three states. D) Graphical interface showing ancestral state reconstruction results from 90 
BayesTraits (Meade and Pagel 2018). E) The Trees vs. Trees tool. The expanded menu shows the 91 
supported distance methods.  92 
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